The aim of the current study is to estimate the correlation coefficients and the consequence of genotypic correlations on direct and indirect effects through path analysis between agronomic traits of maize hybrids used for silage production. Eight (8) topcross hybrids and seven (7) checks were analyzed in completely randomized blocks, with six replications, in two environments: Campos do Goytacazes and Itaocara counties -Rio de Janeiro State, in the crop year 2015/2016.
INTRODUCTION
The existing relations between traits are assessed through phenotypic, genotypic and environmental correlations. The phenotypic correlation has genetic and environmental causes, whereas the genetic correlations present association of inheritable nature, thus they can be used to guide breeding programs. Accordingly, it is worth distinguishing and quantifying the degree of genetic and environmental association between traits in genetic studies (Cruz et al. 2004; Marchezan et al. 2005) .
Although the correlation coefficients are used to quantify the magnitude and direction of factors influencing the determination of complex traits, they do not allow making cause/effect conclusions and inferring the type of association ruling the pair of traits Y/X (Coimbra et al. 2005) . Such studies, per se, do not allow inferring the direct and indirect influences determining a main trait, such as yield. Therefore, studies concerning consequences of the correlation coefficient are conducted through path analysis.
The path analysis allows clearly interpreting the direct influence of a variable over another, and the interference of other variables on this association. Hence, it is possible knowing in details the influence of traits involved in a previously set diagram, as well as justifying the existence of positive and negative correlations, of high and low magnitude, between the studied traits (Santos et al. 2014) . Wright (1921) has developed the path analysis method to reduce issues related with correlation coefficient interpretation. Such method consists on the quantification of the direct and indirect effects of explanatory variables on a basic variable (Cruz et al. 2004) .
The path analysis has been used in different cultures of economic importance such as cotton (Hoogerheide et al. 2007) , wheat (Vieira et al. 2007 ), beans (Cabral et al. 2011) , sugarcane (Espósito et al. 2012) , elephant grass (Menezes et al. 2014 ) and canola (Coimbra et al. 2005) , sweet corn (Entringer et al. 2014) , corn (Toebe and Cargnelutti Filho 2013) and popcorn maize (Cabral et al. 2016) .
The fresh matter yield is a complex trait, which results from the association between many traits. The awareness of this association's degree, which is acquired through correlation studies, makes it possible identifying traits able to be used as yield indirect selection criteria. However, detailed studies involving path analysis become necessary, because the direct interpretation of the correlation magnitudes between yield may result in mistakes in the strategic selection, since the high correlation between two variables may be the outcome from other variables effects over these two variables.
The aim of the present study is to estimate the correlation coefficients and the consequences of genotypic correlations on the direct and indirect effects through the application of path analysis to the agronomical traits of hybrid maize used for silage production.
MATERIALS AND METHODS
The herein used genotypes were gathered in the corn collection of Norte Fluminense Darcy Ribeiro State University. Eight (8) genotypes were selected to find the topcross hybrids, all of the heterotic group DENT. Each genotype was crossed with a tester -Piranão 12, which is a broad-based tester, also belonging to the heterotic group DENT -in order to generate heterotic group DENT topcross hybrids (Table 1) . The assessment assays using topcross hybrids were simultaneously implanted at Antônio Sarlo State Agricultural Technical School, Campos dos Goytacazes County -Rio de Janeiro State (Fluminense Northern Region) and at the Experimental Station in Barra do Pomba Island, Itaocara County -Rio de Janeiro State (Fluminense Northern Region) in the crop year 2015/2016. These counties are located at 21°24'48" South, 41°44'48" West, 14m altitude, with mean rainfall 108.6 mm and mean temperature 27.27 °C; and at 21°40'09" South, 42°04'34" West, 60m altitude, with mean rainfall 183.25 mm and mean temperature 25.32 °C, respectively (INMET 2017).
The experimental design followed completely randomized blocks, with six replications, each replication with 15 treatments, 8 topcross hybrids and 7 checks ( Table 1 ). The experimental unit comprised 8.0 m rows, located 1.0m from each other, and 0.2 m between plants, which has resulted in 40 plant stands per plot. Three seeds were sown in each hole. The thinning was performed 21 days after plant emergence and one plant was left in each pit.
The controls belonging to the heterotic group Flint were used to investigate agronomic performance, nutritional value and ruminal degradability of the grains harvested at silage maturity, since studies have shown that the grain type (Flint or Dent) plays an important role in silage quality. The inclusion of pretense checks to the Flint heterotic group will be better appreciated in future studies when the bromatological variables will be included.
Topcross hybrids were obtained in isolated site at the Experimental Station of Ilha Barra do Pomba in Itaocara -RJ, located in the northwest region of Rio de Janeiro State. Each genotype was grown in 10.0 m rows, spaced 1.0 m from each other, with five seeds per meter, totaling 50 plants per row, 0.20 m apart from each other.
According to the soil analysis, the starter fertilizer consisted on applying 400 kg.ha -1 of the N P K 8-28-16. Subsequently, two topdressings were performed: one, in the vegetative stage (V7), using 300 kg.ha -1 of the N P K 20-00-20; and another in the vegetative stage in between (V7 and V10), using 200 kg.ha -1 of urea. Cultivation was conducted according to the recommendations to the culture (Fancelli and Dourado Neto 2000) .
The detasseling of females was carried out before ears released the style-stigma during the flowering period, in order to avoid undesired crosses. Thus, the style-stigma received only the tester's pollen. Harvest was carried out 120 days after sowing.
The following agronomical traits were assessed: plant height (PH); soil level measurements (in meters) up to the insertion node of the plant tassel; the mean insertion height of the first ear (TH); soil level measurements (in meters) up to the basis of the upper ear on the culm; mean culm diameter (CD), which is measured in the first internode above the plant's culm (in millimeters); total number of harvested ears (NT); ear yield with straw at silage maturity (TPS) (in kg.ha ). The PH, TH and CD were randomly taken in six plants, in the reproductive stage (R4). The NT was found by counting the total number of ears harvested in the plot. The TPS and the TPWS were obtained by weighing the ears with and without straw at silage maturity. The GY was measured through the weighing of grains threshed at silage maturity, and the GFM was found trough the ratio between GY and FMY. The FMY was obtained by weighing the plants (leaves + stem + cob + ear straw + grain) from each plot, at harvest.
The NT, TPS, TPWS, GY, GFM and FMY features were measured in the reproductive stage (R4), in 20 plants, in each plot (totaling 4.0 m in each row of the plot). The plants were cut 20 cm from the ground at harvest, when the grains were at dough stage (3/4 of the milk line).
An individual analysis of variance was initially performed in each environment to test the homogeneity of the mean squared error by applying the Hartley's test. To test data's normality, the Shapiro-Wilk test was used. The joint analysis of variance was performed after confirmed homogeneity and normality.
The analysis of variance was conducted considering the following statistical model:
where Y ijk is the observation in the k th block, which is assessed in the i th genotype and in the j th environment; µ is the general constant of the assay; G i is the random effect of the genotype i, B/A jk is the effect of block K on environment j; A j is the fixed effect of the environment j; GA ij is the interaction effect between genotype i and environment j; and e ijk is the random error associated with the observation .
The genotypic correlation estimates of all trait combinations were calculated. Next, the genotypic correlations development into direct and indirect effects was assessed through Wright path analysis (1921), wherein the FMY was the basic variable and the other agronomical traits were considered to be the explanatory variables.
One of the problems in some data analyses is the multicollinearity between the studied traits. When the variables are correlated to each other, it is said that there is inter-relation or multicollinearity between them. Problems caused by multicollinearity do not simply result from multicollinearity itself, but rather from its degree of magnitude (Cruz et al. 2004 ).
The multicollinearity diagnosis was set based on the condition number (CN), which consists of the ratio between the highest and the lowest eigenvalue of the correlation matrix (Montgomery and Peck 1981) . In practical ways, when the number of conditions is lower than 100, there is weak multicollinearity; when it is between 100 and 1000, the multicollineariarity is from moderate to strong; and, finally, when it is higher than 1000, the multicollinearity is severe (Montgomery and Peck 1981) . When the multicollinearity degree is considered weak, there is no serious issue to be analyzed (Cruz et al. 2004) .
The genotypic correlation matrix between traits was tested through the number of conditions proposed by Montgomery and Peck (1981) in order to assure the reliability of path analysis outcomes concerning multicollinearity. The correlation matrix showed severe multicollinearity (CN = 3135.09) when all variables were taken into account. Carvalho and Cruz (1996) methodology was applied to mediate multicollinearity. This methodology consists of applying a constant k to the diagonal matrix X'X of the OLS estimator. The applied K value 5.2568 made the herein presented outcomes reliable. Thus, all variables were used in the path analysis. Statistical analyses were conducted in the Genes software (Cruz 2013) .
RESULTS AND DISCUSSION
Significant effects (p < 0.01) were observed in all studied features, and it has indicated genetic variability between genotypes. The effects of the genotype vs. environment interaction were significant in GFM and FMY, only. The significant interaction highlights that the response from the genotypes was not coincident in different environments (Table 2) .
The assessed hybrids general mean has shown satisfactory outcomes, i.e., it has shown high yield potential in the Northern and Northwestern region of Rio de Janeiro State (Table 2) .
It is possible inferring that the experimental precision lies within normality and presents variation coefficient from 5.12%, in PH, to 26.64%, in GY, according to the Scapim et al. (1995) classification (Table 2 ). The high value coefficient of experimental variation found in GY and in GFM has evidenced the complex nature of this trait, which, besides being ruled by many genes, is strongly influenced by the environment.
It was observed that the heritability based on the mean has ranged from 86.26% (CD) to 98.39% (TH). Therefore, it (Ramalho et al. 2012) . All values in the present study were above 0.92, which indicates the possibility of success at genotype selections.
The genotypic correlation estimates applied to the nine agronomical traits are shown in Table 3 . The highest positive and significant genotypic correlation estimates were set to the combinations between variables PH and TH (0.86), TPS and TPWS (0.92), TPWS and GY (0.95) , and between TPS and FMY (0.91) ( Table 3) .
The aforementioned estimates show association of heritable nature between traits, so they can be used in the indirect selection of breeding programs. According to Oliveira et al. (2010) , the significant correlations are an indication of important traits indirect selection using easyto-measure agronomical traits.
The fresh matter yield has shown positive significant correlations with six of the eight explanatory variables herein observed with correlation estimates PH (0.75), TH (0.62), CD (0.66), TPS (0.91), TPWS (0.71) and GY (0.64). Yet, it is possible inferring that the explanatory variables have positive correlation to each other, and it shows the complex relation between traits influencing the FMY. These results show the possibility of indirectly selecting the plants presenting the highest PH, TH, CD, TPS, TPWS and GY when one searches for a higher FMY. Mendes et al. (2008) assessed maize hybrids for silage production and found correlation coefficients (r = 0.63) between plant height and fresh matter production. Paziani et al. (2009) found positive correlation (r = 0.25) between plant height and fresh mass production. Santos et al. (2002) have found positive correlation between plant height (0.50) and grain yield, as well as between ear insertion height (0.51) and grain yield in maize hybrids. These correlations were corroborated in the present study.
It is essential knowing the correlations between traits competing for higher grain yield and fresh matter yield in plant breeding programs, since this knowledge helps selecting favorable hybrids and gives direction to the selection methodology. According to Gomes et al. (2004) , studying the relations between different plant traits allows directing the selection by favoring the most correlated productivity and quality traits.
Therefore, when no specific information about maize hybrids is available for silage production, the most regionally adapted hybrids may be used for fresh matter yield. In addition, the grain yield at silage maturity, the ear yield with and without straw at silage maturity and the plant height should be taken into consideration due to the high correlation found between these traits and fresh matter yield.
There was also high correlation between PH and TH, with estimate (r = 0.86). The positive correlation between PH and TH is usual when the structural proportionality of the plant is associated. Other authors have already corroborated these findings using common maize in their research (Magalhães and Durães 2002; Souza et al. 2008 According to Almeida Filho et al. (1999) and Flaresso et al. (2000) , it is worth taking the ear fraction participation into consideration, since it positively correlates with grain yield and allows measuring silage quality. However, the ear rate in the fresh matter should not be seen as the only trait in the maize hybrids selection for silage production purposes, because both the fiber quality and the plant height affect fresh matter yield and silage quality.
The selection of maize hybrids for silage may become hard due to the complexity between traits contributing to FMY. Accordingly, the need of developing correlations through direct and indirect effects becomes evident at the time to assess the degree of importance of each explanatory variable in relation to the main variable.
The results of the FMY path analysis according to the explanatory variables PH, TH, CD, NT, TPS, TPWS, GY and GFM are shown in Table 4 . The model's coefficient of determination in the path analysis (R 2 ) has presented magnitude 0.9377, and it has indicated that the 93.77% variation in the dependent variable FMY in the model has been explained through the independent variables. It is extremely important identifying the traits of stronger direct effect on the favorable direction of the selection among variations in the trait of interest. Accordingly, the concentration of efforts to select this variable may not result in satisfactory gains in the main variable. The described situation is seen in the relation between FMY and PH, FMY and TH, FMY and CD, and FMY and TPWS, FMY and GY, wherein the correlation is high: 0.75, 0.62, 0.66, 0.71 and 0.64, respectively;  but the direct effect of PH, TH, CD, TPWS, GY on FMY does not overcome the magnitude of the residual effect (Table 4 ). The PH variable has shown ease of measurement and indirect effect on FMY via TH; hence, it may be included among the variables presenting significant direct effect on FMY, although its magnitude was lower than that found in TPS and its direct effect had magnitude lower than that of the residual effect (Table 4) .
The intensified selection stress over any of these variables may not promote satisfactory genetic gains in fresh matter productivity. According to Cruz et al. (2004) , the traits presenting high favorable correlation, but low direct effect, show that the best strategy must be the simultaneous selection of traits by emphasizing the traits whose indirect effects are significant. In this case, the selection based on the FMY, alone, will not be able to promote satisfactory gains in the other traits. Thus, it motivates the adoption of simultaneous selection based on traits that present considerable effects on the indirect selection.
The total correlations between traits such as plant height, ear height, culm diameter, ear yield with straw at silage maturity, ear yield without straw at silage maturity, grain yield at silage maturity were all above 0.62, except for the number of ears and for the grain yield in fresh matter, which have presented 0.34 and 0.08 correlation, respectively. According to Cruz et al. (2012) , low correlation coefficients do not imply in lack of relation between two variables, but in the absence of linear relation between these variables.
Although the variables NT and GFM have shown positive correlation with FMY, they were not statistically significant (Table 3 ) and the direct effects were negative: -0.0313 and -0.3989, respectively (Table 4) . It means that the indirect effects caused this correlation, as well as that the TPS trait presented the greatest contribution through indirect ways. Thus, as the association between traits was low, it is likely that the simultaneous selection would not lead to successful genetic gains. It is seen that the intensified selection stress over NT and GFM will not promote satisfactory genetic gains in FMY. In this case, indirect and significant causal traits must be simultaneously considered in the selection process, as suggested by Cruz and Regazzi (1997) .
those of high correlation with the basic variable for breeding purposes, so that the response correlated through indirect selection is effective (Cruz et al. 2004) . Table 4 shows that the TPS variable had direct effect through the same sign of correlations, as well as that its magnitude was high, since it exceeded the residual effect estimate at magnitude 0.5903.
It shows that the explanatory variables are the main determinants of variations in the main variable. Consequently, it is possible predicting the effectiveness of the indirect selection. Thus, the TPS stands out as the variable most associated with FMY. This variable is of great importance if one wants to get FMY-correlated responses. Therefore, selecting hybrids showing the highest TPS means indirectly selecting hybrids able to provide the highest fresh matter yield.
Some variables, although presenting high association with the main variable, may not be the determining cause of Traits presenting high favorable correlation with the basic variable, but with direct effect on the unfavorable direction, show lack of cause and effect, i.e., the auxiliary trait is not the main determinant of changes in the basic variable, because there are other traits able to promote stronger impact when it comes to selection (Cruz et al. 2004) . Balbinot et al. (2005) concluded, through path analysis, that the most important component in the prediction of yield in open pollinated varieties was the number of grains per row. Lopes et al. (2007) evaluated the cause and effect relationships in corn cobs related to the types of hybrids and found that the selection of cobs with larger weight of 100 grains and larger number of grains has direct effect on the increase of the grain weight by cob for single and triple hybrid. Saidaiah et al. (2008) path analysis revealed that 100 seed weight exerted maximum positive direct effect followed by plant height and number of leaves above cob on grain yield. Pavan et al. (2011) path coefficient analysis revealed that plant height, number of kernels rows/cob, number of kernels/row, 100 grain weight, grain yield per plant and fodder yield have highest direct effect on grain yield. Bello et al. (2010) path analysis revealed that ear weight and number of grains ear -1 had the highest direct effect on grain yield, while number of grains ear -1 had the highest moderate indirect negative effects on grain yield. Days to flowering, plant and ear height, number of grains ear -1 and ear weight could be the important selection criteria in improving open pollinated maize varieties and hybrids for high grain yield.
The lack of information on the association between agronomic traits and the unfolding of the direct and indirect effects between these traits has made it difficult to choose the hybrids of maize for silage production. Therefore, the agronomic traits and the study of the associations between the traits are of fundamental importance for the selection of genotypes for silage production.
The heritability eigenvalues estimated for TPS (93.52%) have enabled the use of simpler selection strategies, besides they are an indication of high genetic gains in the selection (Borém and Miranda 2005) .
According to Cruz et al. (2004) , the use of the selection is directly proportional to the heritability increase. Therefore, the higher the inheritability estimate, the higher the probability of performing an effective selection.
The fresh matter yield came up as a complex trait influenced by many interrelated traits, and the path analysis was an important statistics applied to identify the traits of great effect.
The present study was an attempt to provide a better understanding to breeders about the agronomical traits that directly or indirectly influence fresh matter yield and to suggest different choices of traits to be selected, in order to maximize the genetic gains through selection.
CONCLUSION
The plant height, ear height, culm diameter, ear yield with straw at silage maturity, ear yield without straw at silage maturity, and grain yield at silage maturity traits have shown agronomic relevance to silage production and quality, since these traits are strongly associated with fresh matter yield.
The coefficient of determination was high in the path analysis, and it has indicated that other assessed traits explain most of the variations in fresh matter yield.
The ear yield with straw at silage maturity was highly correlated with and showed the strongest direct effect on fresh matter yield, fact that turns it into an indirect selection option.
